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Introduction
Systematic lymphadenectomy for gastric cancer is regarded as
an effective surgical treatment in Japan as it reduces local
recurrence and improves the survival rate. It has been increas-
ingly accepted in other countries. Perhaps due to the complex
nature of the surgery, extensive lymphadenectomy for carci-
noma of the oesophagus has only achieved partial acceptance,
although it gives significant benefits in the hands of Japanese
surgeons.
Lymph Node Counts in Indians in Relation to
Lymphadenectomy for Carcinoma of the Oesophagus
and Stomach
The Japanese Research Society for Gastric Cancer (JRSGC)
has identified 16 lymph node sites as possible locations for
metastasis and has classified them into three groups, N1–
N3.1 The first echelon of lymph nodes, N1, are those that are
directly related to the stomach and includes Stations 1–6.
Lymph nodes at Stations 1–11 are the second tier and these are
present around vessels of the coeliac axis and the splenic
hilum. Dissection of the first echelon is called D1 gastrectomy
or minimal lymphadenectomy. Similarly, removal of the sec-
ond echelon is D2 gastrectomy or extended lymphadenectomy.
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Further dissection beyond these stations (11–16) is called D3
or D4 lymphadenectomy. This forms the anatomical basis
of lymph node dissection in the treatment of gastric cancer.
A review of available literature reveals a great variety in
the number of lymph nodes removed during standard
lymphadenectomy. Reported mean numbers for D2 lym-
phadenectomy vary from 20 to 35.4 (Table 1),2–7 while Japanese
surgeons routinely remove more than 40 nodes  (Dr. Issei
Kodama, Department of Surgery, Kurume University Medical
School, Kurume, Japan, oral communication, June 1996), and
as many as 100 nodes have been known to be removed.8 This
gives rise to the logical question of normal lymph node count
for lymphadenectomy for gastric carcinoma. Surprisingly,
such an important issue has received scanty attention, with
only a couple of reports.5,9
Similarly, the International Society for Diseases of the
Esophagus (ISDE) Research Committee has standardized the
location and nomenclature for three-field (cervico-thoraco-
abdominal) lymph node dissection for oesophageal cancer,10
which includes the following lymph nodes: cervical para-
oesophageal, cervical paratracheal, internal jugular right, in-
ternal jugular left, supraclavicular right and supraclavicular
left in the cervical region; peri-oesophageal, right recurrent
nerve node, right paratracheal, infracarinal, left carinal, infra-
aortic arch and lower posterior mediastinal in the thoracic
region; right paracardiac, left paracardiac, lesser curvature,
greater curvature, left gastric, common hepatic, splenic, coe-
liac and abdominal para-aortic in the abdomen. The informa-
tion regarding the nodal yield is meagre, with only a few
studies mentioning the number of nodes dissected (mean
count for each patient, 59.5–82) (Table 2).11–13 A literature
search failed to reveal a single article mentioning the normal
lymph node count for three-field dissection.
Therefore, the present study was conducted to find the
normal number of lymph nodes in the Indian population
relevant to lymphadenectomy for oesophageal and gastric
carcinoma.
Methods
Lymph node dissection was performed in 10 cadavers to re-
move lymph nodes situated at Stations 1–16 according to
JRSCG recommendations1 and at the 22 stations as per ISDE
recommendations,10 keeping in mind that a number of intra-
abdominal lymph node stations are common to both. None
of the deceased had a history of abdominal pathology or
haematological lymphatic disease. There were seven males and
three females with an average age of 25.18 years.
The method for extraction of the lymph node from the
fatty tissue around it has already been described.5 In brief, the
fatty tissue around each lymph node station was removed
along with the lymph nodes. This tissue was placed in num-
bered beakers according to their respective station in 20%
formalin for 1 day, acetone for 12 hours and then in pure
alcohol at 50$C for 48 hours. Finally, the tissue was stored in
xylol for 2 hours. This procedure extracted all the lipids and
the preparation became transparent; it was then examined on
an illuminated plate where even a small lymph node measur-
ing 1 mm in diameter could be seen. All lymph nodes were
histologically confirmed and the diameter of each lymph node
was recorded.
Comparison was made with the data available in the litera-
ture using the paired t test; a p value of less than 0.05 was taken
as significant.
Results
The number and size of lymph nodes relevant to lymphadenec-
tomy for gastric cancer in this study varied widely from station
Table 2. Number of resected lymph nodes relevant to three-field
lymphadenectomy for carcinoma of the oesophagus
Authors n
Number of resected
nodes (mean ( SD)
van de Ven et al11 37            59.5*  18.8
Kato et al12 43 74.9 ( 18.8
Nishihira et al13 32 82 ( 22
*Range/standard deviation (SD) not mentioned.
Table 1. Number of resected lymph nodes according to the
type of lymphadenectomy, defined according to the Japanese
classification,1 for carcinoma of the stomach
Mean number of
Authors n dissected nodes
D1 D2 D3
Siewert et al2 1,654 15.4 35.4 42.6
de Manzoni et al3 162 18.4 31.4 47.4
Hayes et al4 156 16.4 20.4 –
Wagner et al5 36 – 24.4 –
Bunt et al6 114 – 27.3 –
Bonenkemp et al7 996 18.4 31.5 –
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level of nodes involved) and, perhaps, most important prog-
nostic determinant. It has also led to newer and revised staging
classifications for both oesophageal and gastric cancer.16,17
Ignoring small lymph nodes can be a major cause of stag-
ing error. To avoid stage migration caused by this factor, all
lymph nodes need to be retrieved and examined. This has led
to the increasing use of techniques such as preoperative endo-
scopic vital staining with methylene blue and intra-lymph
node injection of activated carbon particles (CH-40), fat clear-
ing and serial histological sectioning, resulting in significantly
increased total lymph node counts, identification of smaller
lymph nodes and identification of more histologically in-
volved nodes of significantly smaller size. An immediate bench
dissection of the fresh specimen, as practised by Japanese
surgeons, makes it possible to retrieve a greater number of
nodes.1,6 Ideally, lymph node dissection should be done in
pathological specimens containing a tumour in the oesopha-
gus and demonstrating the presence of metastasis in the
removed (and labelled) lymph nodes. Dye injection into the
primary node followed into draining lymph nodes is another
method, but this is difficult and time-consuming, with an
unpredictable outcome. Cadaveric studies are used for their
ease and availability.
There is speculation as to whether the number of lymph
to station. The total number of lymph nodes at Stations 1–11
ranged from 24 to 52 with a mean of 35.04; for Stations 1–16,
the range was 37.2 to 78 with a mean of 54.52 (Table 3). Nodes
along the left gastric artery, common hepatic artery, coeliac
artery and splenic artery as well as along the lesser curvature
were, on average, larger than those at other sites. The mini-
mum diameter of nodes found by this method was 1 mm and
the maximum (mean) diameter for each station is shown in
Table 3.
The number and size of lymph nodes relevant to lym-
phadenectomy for oesophageal cancer in this study also varied
widely from station to station. The total number of lymph
nodes ranged from 118 to 234, giving an average of 183.6
(Table 4).
Discussion
The number of lymph nodes represents the biological behav-
iour of the cancer rather than the anatomical consideration of
the conventional N staging of nodal involvement, i.e. a more
aggressive cancer will have a greater number of involved
lymph nodes.14,15 As experience in gastric and oesophageal
oncosurgery is evolving, the number of metastatic nodes is
increasingly being recognized as a separate (in addition to the
Table 3. Numbers and size of lymph nodes relevant to lymphadenectomy for carcinoma of the stomach
Lymph node station/location
Wagner et al5 (n = 36), Present study (n = 10),      Maximum size,
   mean (range) ( SD    mean (range) ( SD
t value/df      p
       mm (mean)
1/Right side of cardia  12.2 (0–4) ( 0.9 1.  1. 3.56 (1–8) ( 3.72 2.041/44 < 0.05 8 (2.6)
2/Left side of cardia  12.0 (0–5) ( 1.1 1  .1. 23.1 (2–7) ( 3.09 1.802/44 > 0.05 11 (2.9)
3/Along lesser curvature  4.5 (0–14) ( 3.1 1.  15.46 (4–16) ( 5.08 0.747/44 > 0.05 14 (3.1)
4/Along greater curvature  11.2 (0–7) ( 1.6 1.  14.52 (3–14) ( 5.80 3.110/44 < 0.01 10 (2.8)
5/Supra pyloric  12.2 (0–5) ( 1.1 1.  12.72 (2–8) ( 1.56 1.20/44 > 0.05 10 (3.0)
6/Infra pyloric  12.7 (0–8) ( 1.8 1.  12.94 (2–10) ( 2.69 0.333/44 > 0.05 9 (2.7)
7/Along left gastric artery 1 2.3 (0–5) ( 2.0 1.1. 4.32 (3–10) ( 3.30 2.430/44 < 0.05 14 (3.4)
8/Along common hepatic artery  12.3 (0–5) ( 2.0 1.  1. 1.08 (0–3) ( 0.90 1.865/44 > 0.05 16 (5.2)
9/Around coeliac artery  4.2 (0–15) ( 3.3 1  .1. 3.4 (2–12) ( 4.28 0.635/44 > 0.05 14 (4.9)
10/At the splenic hilum  12.2 (0–6) ( 1.3 1.  1. 2.84 (2–8) ( 1.98 1.22/44 > 0.05 10 (2.6)
11/Along splenic artery 1 2.0 (0–9) ( 2.0 1.  1. 1.46 (1–6) ( 0.81 0.830/44 > 0.05 16 (4.8)
12/In hepatoduodenal ligament  5.5 (2–12)* 1.1. 5.34 (2–14) ( 9.01 NA NA 13 (3.6)
13/Behind the pancreas head  4.7 (0–11)* 1.1. 3.92 (1–12) ( 7.98 NA NA 10 (3.2)
14/At root of mesentery  12.0 (0–7)* 1.1. 4.56 (1–10) ( 6.55 NA NA 12 (3.4)
15/Along middle colic artery  10.3 (0–4)* 1.1.1 2.00 (0–4) ( 1.66 NA NA 5 (2.9)
16/Para-aortic  12.5 (0–8)* 1.1.1.  3.6 (0–6) ( 3.22 NA NA 11 (2.8)
Total Stations 1–11 27 (17–44) ( 6.01 1.35.04 (24–52) ( 7.48 3.553/44 < 0.001
Total Stations 1–16 43 (25–64)* 54.52 (37.2–78)
*Standard deviation not mentioned. df = degrees of freedom; NA = not available.
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Table 4. Numbers and size of lymph nodes* relevant to three-field lymphadenectomy for carcinoma of the oesophagus
Location
No. lymph nodes    Lymph node size, mm
Mean Range Mean Maximum
Cervical para-oesophageal 5 3–10 2.5 5
Cervical paratracheal 12.3 10–16 3.8 6
Internal jugular right 15.1 10–19 5 10
Internal jugular left 16.8 14–20 5 10
Supraclavicular right 14.2 10–23 2.2 5
Supraclavicular left 15.1 8–20 2.4 5
Peri-oesophageal 4 2–6 1.7 2
Right recurrent nerve node 20.7 14–27 2.3 5
Right paratracheal 13.2 7–15 2 5
Infracarinal 17.1 15–27 5.8 15
Left carinal 10.9 4–6 4.18 10
Infra-aortic arch 5.3 4–6 1 5
Lower posterior mediastinal 1.8 0–3 3 5
Right paracardiac 3.4 1–8 2.6 8
Left paracardiac 3.1 2–7 2.9 11
Lesser curvature 5.2 4–16 3.9 14
Greater curvature 4.1 3–14 2.8 10
Left gastric 4.2 3–10 3.4 14
Common hepatic 1.1 0–3 5.2 16
Splenic† 3.8 2–8 3.7 16
Coeliac 3.4 2–12 4.9 14
Abdominal para-aortic 3.6 0–6 2.8 11
Total 183.6 118–234
*Nomenclature by the International Society for Diseases of the Esophagus Research Committee;10 †Splenic = along splenic artery and at
the splenic hilum.
nodes increases in cancer patients or remains constant. A tiny
lymph node with a diameter of less than 1 mm cannot be made
visible by clearing techniques, but it may become visible when
it grows due to cancer involvement or as a result of reactive
hyperplasia, thereby increasing the number of visible nodes.5
Moreover, the serial section technique, which picks up
so-called micro-lymph nodes with a diameter of less than
1 mm, supports the assumption that pathological processes
do not result in any real increase in regional lymph nodes
but in activation and enlargement of the foetal lymph node
reserve.9
The UICC 1997 classification recommends that at least 15
lymph nodes should be examined at lymphadenectomy, what-
ever the type, for gastric carcinoma.18 This means that at least
15 lymph nodes must be negative for a patient to be staged
confidently as node zero. This also signifies that D2 lym-
phadenectomy must resect at least 15 lymph nodes.19
The present study found a significantly greater number of
nodes (average, 183.6; range, 118–234) relevant to three-field
lymphadenectomy for carcinoma of the oesophagus than that
described in the literature (Table 2). The complex dissection
for three-field lymphadenectomy for carcinoma of the oeso-
phagus and the proximity to cardinal structures, both in
the mediastinum and neck, perhaps calls for “functional”
lymphadenectomy, yielding a smaller number of nodes in
patients undergoing this surgery. Comparison of the data
from the present study was not possible, as we could not find
mention of normal lymph node counts in the literature for
three-field lymphadenectomy. A comparison with lymph node
counts in radical gastrectomy and oesophagectomy speci-
mens from Indian patients is also not possible, such data being
scarce as the late presentation of most patients precludes
radical lymphadenectomy.
We also found significantly more lymph nodes relevant to
gastric oncosurgery at Stations 1, 4 and 7, as well as total
number of lymph nodes, than Wagner et al (Table 3).5 Substan-
120 ASIAN JOURNAL OF SURGERY  VOL 28 • NO 2 • APRIL 2005
070/20
■ SHARMA et al ■
tial variation in both the total number of nodes and the
number of nodes per station may be explained by incomplete
dissection or retrieval of the nodes in Wagner et al’s study.
Unclear anatomical boundaries between adjacent Stations 4
and 10,6 7 and 8 and 9 and 1120 might also cause differences. A
biological absence of nodes at Station 5 was observed by Bunt
et al in most Dutch patients.6 We realise that more lymph
nodes are bound to be removed in a cadaveric study than at
surgery, but cadaveric studies are needed to help in formulat-
ing guidelines. The only other possible explanation of the
larger number of lymph nodes found is suboptimal food
hygiene resulting in (subclinical) infective hyperplasia of the
lymph nodes. This conjecture certainly raises the hypothetical
uncertainty of different subsets of the population having
varied normal lymph node counts.
Conclusion
An anatomical study such as this addresses the dual issues of
determining the number of dissectable lymph nodes in a
particular population as well as assessing the quality of nodal
dissection by providing surgical guidelines. Such studies will
help in achieving comparability of treatment results.
References
1. Nishi M, Omori Y, Miwa K (eds). Japanese Classification of Gastric
Carcinoma. Tokyo: Kanehara & Co Ltd, 1995. (First English edition)
2. Siewert JR, Bottcher K, Roder JD, et al. Prognostic relevance of
systematic lymph node dissection in gastric carcinoma. German
Gastric Carcinoma Study Group. Br J Surg 1993;80:1015–8.
3. de Manzoni G, Verlato G, Guglielmi A, et al. Prognostic signifi-
cance of lymph node dissection in gastric cancer. Br J Surg 1996;83:
1604–7.
4. Hayes N, Karat D, Scott DJ, et al. Radical lymphadenectomy in the
management of early gastric cancer. Br J Surg 1996;83:1421–3.
5. Wagner PK, Ramaswamy A, Ruschoff J, et al. Lymph node counts in
the upper abdomen: anatomical basis for lymphadenectomy in
gastric cancer. Br J Surg 1991;78:825–7.
6. Bunt AM, Hermans J, van de Velde CJ, et al. Lymph node retrieval in
a randomized trial on western-type versus Japanese-type surgery in
gastric cancer. J Clin Oncol 1996;14:2289–94.
7. Bonenkamp JJ, Songun I, Hermans JJ, et al. Randomized compari-
son of morbidity after D1 and D2 dissection for gastric cancer in 996
Dutch patients. Lancet 1995;345:745–8.
8. Noguchi Y, Imada T, Matsumoto A, et al. Radical surgery for gastric
cancer: a review of the Japanese experience. Cancer 1989;64:2053–62.
9. Borchard F, Betz P. Number and size of perigastric lymph nodes
in human adults without gastric cancer. Surg Radiol Anat 1991;13:
117–21.
10. Sato T. Presentation of illustration of surgical anatomy specially
prepared for lymph node dissection of esophageal cancer. ISDE -
Research Committee Meeting on TNM Classification of Esophageal
Carcinoma, Tokyo, 19th June 1988. Abstract book:37–8.
11. van de Ven C, De Leyn P, Coosemans W, et al. Three-field lym-
phadenectomy and pattern of lymph node spread in T3 adenocarci-
noma of the distal esophagus and the gastro-esophageal junction.
Eur J Cardiothorac Surg 1999;15:769–73.
12. Kato H, Tachimori Y, Mizobuchi S, et al. Cervical, mediastinal, and
abdominal lymph node dissection (three-field dissection) for super-
ficial carcinoma of the thoracic esophagus. Cancer 1993;72:2879–82.
13. Nishihira T, Hirayama K, Mori S. A prospective randomized trial of
extended cervical and superior mediastinal lymphadenectomy for
carcinoma of the thoracic esophagus. Am J Surg 1998;175:47–51.
14. Lee WJ, Lee PH, Yue SC, et al. Lymph node metastases in gastric
cancer: significance of positive number. Oncology 1995;52:45–50.
15. Noguchi M, Miyazaki I. Prognostic significance and surgical man-
agement of lymph node metastasis in gastric cancer. Br J Surg 1996;
83:156–61.
16. Korst RJ, Rusch VW, Venkatraman E, et al. Proposed revision of the
staging classification for esophageal cancer. J Thorac Cardiovasc Surg
1998;115:660–9.
17. Kodera Y, Yamamura Y, Shimizu Y, et al. The number of metastatic
lymph nodes: a promising prognostic determinant for gastric carci-
noma in the latest edition of the TNM classification. J Am Coll Surg
1998;187:597–603.
18. Sobin LH, Wittekind CH (eds). TNM Classification of Malignant Tumours,
5th Edition. New York: John Wiley & Sons, 1997.
19. Elias D. Reflections and proposals for the worldwide standardiza-
tion of lymphadenectomy for gastric carcinoma. J Surg Oncol 1999;
71:120–2.
20. Bunt AMG, Bonenkemp JJ, Hermans J, et al. Factors influencing
noncompliance and contamination in randomized trial of Western
(R1) versus Japanese (R2) type of surgery in gastric cancer. Cancer
1994;73:1544–51.
